The aspect of the quasiparticle interaction of a local Fermi liquid, the impurity version of f 2 -based heavy fermions, is studied by the Wilson numerical renormalization group method.
. Irreducible decomposition of direct products under D 3h . Only the different orbital combinations are listed. j z = ±5/2(Γ 8 ), j z = ±1/2(Γ 7 ), j z = ±3/2(Γ 9 ) with the f 2 -singlet ground state under the hexagonal symmetry. The validity of this choice is discussed in detail in the following.
The f 1 -states split into three doublets in the J=5/2 manifold. When we assume a strong spin-orbit interaction, we can neglect the J=7/2 states and use a j-j coupling scheme to obtain the f 2 -states. On the other hand, if the Hund-rule coupling is stronger then spin-orbit coupling, the f 2 -states are constructed in Russell-Saunders coupling scheme. The states with J=4 split into five different symmetry states.
We assume the Γ 4 singlet ([|3 − | − 3 ]/ √ 2) is a ground state as mentioned above. 6 The problem is how we connect these Hilbert spaces, which are in the opposite limit. When we construct the f 2 -states in the j-j coupling scheme using only J=5/2 states, we obtain no singlets, because the states in the J=5/2 manifold under the hexagonal symmetry are the eigen states of the z-component of the total angular momentum operator J tot 
f 2 -singlet ground state. Indeed, many band calculations suggest that the J = 5/2 states are dominant around Fermi surfaces for UPt 3 . 9-11
Before writing our Hamiltonian, we transform representations from j z to pseudo-spin. This is performed using
where f jz and f αµ are f-electron field operators with the z-component of angular momentum j z , and α and µ are the orbital and pseudo-spin indices, respectively. In this representation, the f 2 -atomic energy spectra are given by an anisotropic antiferromagnetic Hund's-rule coupling 14 (See Fig. 2 ). The splitting of ∆ 2 originats from eq. (1) (redefined as U eff
Then our Hamiltonian is
where S z α , S ± α are the z-and transverse components of the f-electron pseudospin operators of the α(=A,B) orbital. The other notations are conventional. In eq. (7) we have assumed that each f-electron mixes with the conduction electrons with the same point group symmetry and two conduction electron bands (from −D to D) do not mix with each other. Note that the exchange interactions among different f-orbitals at the impurity site are not important for discussing the f 2 -singlet ground-state model, because f 2 -states include such terms in their energy levels. The Hamiltonian (eq. (4)) can be regarded as a "simplified" two-impurity Anderson model, although it contains an anisotropic spin-spin interaction and two nonequivalent impurities. The word "simplified" means that the conduction electrons belonging to one band do not mix to those of the other band after impurity scattering.
In order to solve the Hamiltonian eq. (4) by the NRG method, we discretize conduction electron bands logarithmically and transform eq. (5) into one-dimensional semi-infinite chains, following Wilson. 1 Then we write eqs. (5) and (7) as
where f −1αµ ≡ f αµ , f nαµ (n ≥ 0) is related to the conduction electron field operator via unitary transformations, and we take D as the unit of energy. In this paper, we take the logarithmic discretization parameter as Λ = 2.5.
The Hamiltonian eq. (4) 
wheret α ,Ũ α ,Ũ AB ,K z andK ± are parameters that should be determined by fitting the NRG spectrum near the FL fixed point whose Hamiltonian is H * (in this case, free Hamiltonian),
where u α is the potential scattering amplitude of orbital α at the FL fixed point and we use the Einstein contraction notation for µ and ν. This type of effective Hamiltonian was discussed in terms of the two-impurity Kondo problem except for the particle-hole and spin rotation symmetry. 12 Using eq. (13) we can extract quasiparticle interactions as
Here, Γ α 1 α 2 α 3 α 4 σ 1 σ 2 σ 3 σ 4 is a full vertex part whose energy variables are set to zero (on the Fermi surface), z α ∝t −1 α is a renormalization factor of orbital α, and ↑ (↓) corresponds to σ = +1(−1). These results are obtained by comparing the form of pseudospin susceptibility and specific heat between NRG and local Fermi liquid theory. Note here that eq. (22) is not an exact relation, because the transverse pseudospin components are not conserved (we take the z-axis as the quantization axis), so that the contribution from incoherent parts remains finite.
Although we cannot write F ex only in terms of quasiparticles, in the NRG calculation, we think eq. (22) is a reasonable expression. 15 Noted that the interaction F AB ex stems from the CEF and does not conserve the z-component of the total angular momentum. 
α). This is a well-known in the two-impurity Kondo problem. 12, 13 There exist four parameters describing low-energy physics,i.e., However, the region where the Γ 5 -doublet is the ground state, is not valid in the present model because of Hund's rule. 16 In the case of f 2 -Γ 4 -singlet ground states, we need not worry about Hund's rule, because our f 2 -singlet states have only J = 4 components. In addition, due to the reduction of z α toward the NFL fixed point the interorbital couplings F AB a(ex) are suppressed as shown in Fig. 3 . Around the intermediate region, the interorbital quasiparticle interactions (F AB a(ex) ) are well enhanced compared with the intraorbital ones (F AA a , F BB a ), which decrease monotonically toward the NFL fixed point. It is interesting that although the overall energy scale becomes small as we approach the NFL fixed point, which is a direct consequence of z α → 0, the details of interactions i.e. anisotropies vary.
The above results imply that the interactions between quasiparticles, in a system with multiorbitals (specifically f 2 -singlet ground state), are quite different from a simple model, such as a simple-minded multiorbital Hubbard model, in general. If we use the renormalized interactions obtained here to tackle the f 2 heavy fermion superconductors, there exists a pos-7/9 sibility of obtaining spin triplet superconductivity because of large interorbital interactions. 17 Several theories of triplet superconductivity induced by Hund's rule have been proposed thus far. 18, 19 Our results are, however, different from those in the point that the relevant interactions are those for quasiparticles (in impurity version) and their interactions originate from the low-energy CEF level f-electron. Although the contributions of J z = ±3/2 have not been included in the present model, we believe they would not change the quantitative features of our results. The actual calculation of the superconducting transition temperature of UPt 3 is very complicated, because of two inequivalent sites in the unit cell and the orbital degrees of freedom per site. This will be discussed elsewhere.
In summary, we have discussed the quasiparticle interactions of a local Fermi liquid with the f 2 -singlet ground state under the hexagonal symmetry. We have found by the NRG method that interorbital interactions are much larger than intraorbital ones in the wide range of the CEF. This result is in contrast to that in the case of usual Coulomb interactions, in which intra-orbital couplings are thought to be much larger than interorbital ones. This may be a good starting point to discuss the real lattice systems with two f-electrons per site.
